there has been increased interest in identifying contributing factors and devising predictive models for surgical readmissions. 9, 11, 14, 16, 20, 23, [26] [27] [28] [29] However, the association of continuity of care and surgical readmissions has not been investigated in depth. Several studies have suggested that fragmented care is associated with higher costs and potentially lower quality. 1, 18, 19, 25, 30, 31 The evaluation of surgical patients in the immediate postdischarge period in hospitals other than the one where the original procedure was performed can result in fragmented and inefficient care. Given that most hospitals do not yet electronically share data with one another, 1 emergency department (ED) evaluation in different hospitals rarely involves clinical information exchange or shared patient management. 29 Particularly in the case of complex interventions such as craniotomy for brain tumor resection, the lack of familiarity with these patients and their normal postoperative course might be an obstacle to efficient care. 10, 15, 23 No prior study has investigated the impact of such ED visits on subsequent readmissions.
We used the New York Statewide Planning and Research Cooperative System (SPARCS; http://www.health. ny.gov/statistics/sparcs/) to study the association of evaluation in a hospital where the original procedure was performed with 30-day readmissions for patients presenting to the ED after craniotomy for primary tumor resection. A propensity score adjustment was used to control for measured confounding, and mixed-effects models were used to account for clustering at the hospital level.
Methods

New York SPARCS
All adult patients undergoing craniotomies for primary brain tumor resection who were registered in the SPARCS (New York State Department of Health) database between 2009 and 2013 were included in the analysis. For these years, SPARCS contains patient-level details for every hospital inpatient stay and outpatient visit (including ambulatory surgery, ED services, and outpatient services rendered by hospital extension clinics) in New York State as coded from admission and billing records. More information about SPARCS is available at the website specified above.
Definition of the Cohort
To establish the cohort of patients, we used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes to identify patients in the database who underwent craniotomies or biopsies (ICD-9-CM procedure codes 01.51, 01.53, 01.59, 04.01, 01.11, 01.12, 01.13, and 01.14) for primary brain tumors (ICD-CM diagnostic codes 191.0-9, 225.0, 225.1, and 225.2) between 2009 and 2013. Our final cohort consisted of patients who underwent ED evaluation within 30 days of discharge after the primary procedure.
Outcome Variable
The primary outcome variable was 30-day postdischarge inpatient readmission to any hospital (not including hospice) after craniotomy for primary tumor resection.
Readmissions to the original hospital after initial evaluation in another hospital were not counted against the latter hospital. Using unique, encrypted, patient-specific identifiers, the patients were tracked across the database. Patients who died were excluded from the analysis.
Exposure Variables
The primary exposure variable was evaluation in the ED of the hospital where the original procedure was performed. Brain tumor type (malignant or benign) and discharge status (home vs rehabilitation) were also included in the analysis. Data regarding attending physician-specific surgical volume (number of craniotomies for primary tumor resection) were also available and included in the adjustment.
Covariates (Supplementary Table S1 ) used for risk adjustment were age; sex; race (African American, Hispanic, Asian, Caucasian, other); and insurance (private, Medicare, Medicaid, uninsured, other). The comorbidities used for risk adjustment were diabetes mellitus, smoking, chronic obstructive pulmonary disease, hypertension, hypercholesterolemia, peripheral vascular disease, CHF, coronary artery disease, history of stroke, transient ischemic attack, alcohol abuse, obesity, chronic renal failure, and coagulopathy. Only variables that were defined as present on admission were considered part of the patient's preadmission comorbidity profile.
Statistical Analysis
The association of ED evaluation at the hospital where the original procedure was performed with 30-day readmissions was examined in a multivariable setting. We used a logistic regression model with hospital ID as a randomeffects variable, while controlling for other variables. The covariates used for risk adjustment in these models were as follows: age, sex, race, insurance (and all the covariates), and the comorbidities mentioned previously. As an alternative way to control for confounding, we used a propensity-adjusted (with deciles of propensity score) logistic regression model. We calculated the propensity score of evaluation in the ED of the hospital where the original procedure was performed with a separate logistic regression model, using all the covariates mentioned previously.
In sensitivity analysis we repeated the above-mentioned regressions including an interaction term between insurance coverage and location of ED evaluation. These terms were not statistically significant and did not change the direction of the primary associations observed. Additionally, we included whether the surgeon operated in multiple hospitals and the patients' history of seizure as adjustment variables in all our regression models. The direction of the observed associations did not change. Therefore these results are not reported further.
Regression diagnostics were used for all models. Numbers needed to treat were calculated when appropriate. All results are based on 2-sided tests, and the level of statistical significance was set at 0.05. This study, based on 610 patients, has sufficient power (90%) at a 5% Type I error rate to detect differences as small as 24.6% in 30-day readmissions. Statistical analyses were performed using Stata version 13 (StataCorp), the 64-bit version of R.3.1.0 (R Foundation for Statistical Computing), and SPSS version 22 (IBM Corp.).
Results
Patient Characteristics
Between 2009 and 2013 there were 610 patients who were evaluated in the ED in the 30 days postdischarge after undergoing a craniotomy for primary tumor resection (mean age 54.5 years, with 52.5% females), and were registered in SPARCS (Fig. 1) . Of the total group, 422 (69.2%) were evaluated at a hospital other than the one where the original procedure was performed, and 188 (30.8%) were evaluated at the original hospital. The characteristics of the 2 cohorts at baseline can be seen in Table 1 .
Readmission Within 30 Days
Overall, 38 (20.2%) of 188 patients were readmitted within 30 days of the procedure after evaluation in the ED of the original hospital, and 121 (28.9%) of 422 were readmitted after evaluation in a hospital other than the one where the original procedure was performed ( Table  1 ). The more common diagnoses for readmissions can be found in Supplementary Table S2 .
Being evaluated in the ED of the original hospital was associated with a decreased rate of 30-day readmission (OR 0.59, 95% CI 0.37-0.90) in the unadjusted analysis. Similarly, in a multivariable setting (Table 2) there was a similar association after using a logistic regression (OR 0.64, 95% CI 0.41-0.98). We found similar results in a mixed-effects logistic regression model (OR 0.63, 95% CI 0.40-0.96) and a propensity score-adjusted model (OR 0.64, 95% CI 0.41-0.98). This corresponds to one less readmission per 12 patients evaluated in the hospital where the original procedure was performed.
Discussion
Using a comprehensive all-payer cohort of patients in 10, 15, 23 The association of continuity of care and surgical readmissions has not been investigated in depth in this patient population.
Several observational studies have investigated the factors associated with 30-day readmissions after surgical procedures. Bekelis and colleagues 2, 4, 21 were not able to demonstrate a difference in the rate of 30-day readmissions between patients undergoing inpatient or outpatient craniotomies for brain tumor biopsies. Marcus et al. 17 examined readmissions for glioma surgeries within a California statewide database. The authors found that 12.7% of all patients readmitted within 30 days of glioma resection were admitted to a different hospital from the original surgical hospital. The median time to readmission in their cohort was 11 days postdischarge, and they concluded that timely follow-up should occur within this time frame to prevent readmissions. In addition, a recent study 22 examined the varied indications for readmission after neurosurgical procedures. Other investigators have developed predictive models of readmissions for surgical conditions. For that purpose, Merkow et al. 20 used data from the National Surgical Quality Improvement Program in patients undergoing major surgery, whereas others 11 followed similar methodology for cardiac surgery patients. Similarly, Tevis et al. 27 devised a nomogram to predict postoperative readmissions in surgical patients. These investigators identified bleeding disorders, long operative times, in-hospital complications, dependent functional status, and the need for a higher level of care at discharge as important contributors to readmissions. However, a meta-analysis of prior studies demonstrated that most predictive models of hospital readmissions perform poorly.
14 Few investigations have focused on preventing readmissions for patients who are evaluated in the ED in the immediate postoperative period.
Fragmentation of care has been identified as a contributing factor to readmissions in several prior studies. Bekelis et al. 5 identified an association between assessment in the hospital at which the original procedure was performed and a lower rate of 30-day readmissions for patients undergoing cerebral aneurysm treatment. In a CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; CRF = chronic renal failure; DM = diabetes mellitus; PVD = peripheral vascular disease; TIA = transient ischemic attack; x = numbers < 10 patients have been suppressed based on SPARCS reporting rules.
meta-analysis Leppin et al. 16 demonstrated that, overall, interventions establishing a solid postdischarge network are effective at reducing readmissions. Tsai et al. 29 highlighted the importance of continuity of care by showing that readmissions in hospitals different from the hospital of the initial procedure resulted in higher mortality rates for surgical patients covered by Medicare. In addition, Hernandez et al. 12 demonstrated that early postdischarge follow-up with a primary care provider is associated with decreased 30-day readmissions for patients with CHF.
These studies highlight that continuity of care can have an impact on readmissions. Patients who have undergone a craniotomy for tumor resection often are evaluated in the ED after discharge for indications such as headache or other neurological changes. The specialized nature of these procedures might be an obstacle to disease-specific care, and the inability of unfamiliar providers to recognize the normal postoperative course of such patients 29 might result in the higher rate of readmissions we are observing. These results suggest an important area of quality improvement for hospitals and policy makers. One potential strategy could involve returning to the original institution for evaluation, where disease-centered, patientspecific, and efficient care can be provided. Alternatively, initiatives can focus on improving clinical data exchange, interfacility communication, and telemedicine platforms. Fragmentation of care between different institutions and providers has been shown to result in redundant and repetitive tests. 3, 6 Addressing this issue at the time of the ED evaluation can potentially prevent unnecessary readmissions and improve patient care.
Our study has several limitations common to administrative databases. Residual confounding could account for some of the observed associations. However, this is minimized with the various advanced techniques we used for risk adjustment. In addition, coding inaccuracies will undoubtedly occur and can affect our estimates. However, coding for procedures is generally expected to be accurate, because it is a revenue generator and is under scrutiny by payers. Although SPARCS includes all hospitals from the entire state of New York, the generalization of this analysis to the entire US population is uncertain. In addition, this database is limited to New York State, and therefore we cannot assess our population for ED evaluations in hospitals outside of the state. SPARCS does not provide any clinical information on the structure, size, or location of the tumors, which are important factors in neuro-oncology. However, these are not expected to play a role in the postdischarge readmissions of this population.
Additionally, we were lacking long-term data on our patients. Quality metrics (i.e., Karnofsky Performance Scale score) are also not available through this database, and therefore we cannot control for these factors, although we do not expect that patients who were evaluated in hospitals other than the ones at which the original procedure was performed would have a different functional status. Although our data indicate whether a patient was readmitted within 30 days, we don't have a particular time stamp to identify the exact day of the readmission. Therefore we cannot comment on the optimal follow-up time to prevent these events. Finally, causality cannot be definitively established based on observational data, despite the use of advanced techniques. Therefore we cannot definitely determine which readmissions are preventable. It is likely that some represent appropriate and efficient care. We have no information on the length of stay or the disposition of the readmissions in SPARCS. In addition, we could not account for travel times among our patients and therefore could not analyze them with regard to this important factor affecting ED choice. However, the increased rate of readmissions in hospitals unfamiliar with the patients indicates some elements of fragmentation of care that warrant further investigation to prevent the indiscriminate penalizing of all readmissions. In this setting a cost-benefit analysis cannot be directly inferred from our data. This would require a detailed registry evaluation to accurately identify preventable readmissions.
Conclusions
The association of continuity of care with the rate of 30-day readmissions after surgical procedures remains an issue of debate. Using a comprehensive all-payer cohort of patients in New York State who were evaluated in the ED after craniotomy for primary tumor resection, we identified an association of assessment in the hospital where the original procedure was performed with a lower rate of 30-day readmissions. This underscores the potential importance of continuity of care in readmission prevention of surgical patients. 
